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Introduction
Completeness and timeliness are important attributes of a surveillance system in Public Health, 1 keeping tight relation its performance.
Completeness refers to the amount of properly notified cases to health authorities, 2 regarding the register of all variables provided in the notification form. Through this indicator, the quality of the data's collection of the disease under surveillance can be assessed.
Timeliness indicates the speed in getting the information to action and if it was timely provided to decision makers. Notification and investigation are fundamental as they allow people to know the magnitude of the disease and the appropriate adoption of preventive measures towards the monitoring and evaluation of control actions by the surveillance system. 3 Considering that the main purpose of a surveillance system is to adopt timely actions in response to changes in the epidemiological structure of the disease, the timeliness becomes a key element to prevent the transmission spreadness. 4 Some studies have analyzed the completeness and the timeliness of surveillance systems of specific events, such as tuberculosis, 5 mortality rates due to suicide, 6 declaration of live births and neonatal deaths, 7 as well as groups of diseases present in the United States of America, 8 especially in the state of Colorado-USA, 9 and in Korea. 10 Regarding malaria, a study conducted in Iran with the purpose of evaluating the timeliness of notifications in surveillance systems from the country is to be highlighted. 11 In all these studies, the main tool used was the information system for cases notification.
The quality in information systems is absolutely necessary as they are important instruments to situational diagnosis: their data identify populations under risk, subsidize the planning and the decision making, suggest guidelines and specific action strategies to each population group, 12 and also contribute to the practice of health based on evidences. 13 Evaluating the quality of information is, therefore, essential to the health situation analysis. 14 The Brazilian Malaria Control Program (PNCM) established, since 2003, the Malaria Epidemiological Surveillance Information System (Sivep-Malaria) as the main tool to monitor the disease. This system has enabled the control of malaria in the Brazilian Amazon, where there are more than 99% of malaria cases in the country. Studies over the functionality of Sivep-Malaria have already been performed; 15 others used the system to analyze the transmission of the disease in women. 16 However, Sivep-Malaria has not been evaluated regarding its own attributes as a surveillance system.
It is important to remember that in 2012 Brazil was responsible for 54% of the malaria registers in the Americas. 17 The World Health Organization (WHO) has promoted efforts in the adoption of norms to eliminate and control the disease, based on evidences, 18 in order to reduce the unacceptable burden of malaria and its economic and social impact in many countries. 19 To reach these goals, the quality of information is vital and WHO has recommended the completeness and timeliness monitoring regarding the register of the diseases. 20 The main goal of this study was to evaluate the completeness and timeliness of malaria case reporting, diagnosis and treatment in the Brazilian Amazon.
Methods
A descriptive study was held over notifications of malaria cases in the Brazilian Amazon, an endemic region for the disease, which contemplates nine states: Acre, Amapá, Amazonas, Pará, Rondônia, Roraima, Tocantins, Mato Grosso and Maranhão. Sivep-Malaria is the official notification system for notifying the disease in that region.
Completeness and timeliness were evaluated based on the cases registered on the national Sivep-Malaria between 2003 and 2012. Cases reporting are filled on a local level by hospitals, primary healthcare units and notification stations, called notifying units (NU) in this study. The malaria cases are found through passive surveillance (when a patient goes to a NU to collect blood samples) or through active surveillance (when the health professional goes to the patient's residence to collect a blood sample). All diagnoses identify the species of Plasmodium (P. falciparum, P. vivax or P. malariae) and are confirmed through thick or thin blood smear, or rapid diagnostic tests.
Completeness and timeliness of malaria reporting in Brazilian Amazon
Notification and investigation are fundamental as they allow people to know the magnitude of the disease and the appropriate adoption of preventive measures towards the monitoring and evaluation of control actions by the surveillance system. In this study, all new cases characterized by the presence of parasites or any of its components on blood, and detected by laboratorial examinations were included. Recurrences were also included, upon verification of the variable 'screening for recurrence' during and after recent treatment, in patients diagnosed with malaria that were treated to P. vivax in the previous 60 days of the current diagnosis or for P. falciparum during the previous 40 days of the current diagnosis.
To calculate the completeness of each field, the numerator was considered to be the amount of notifications where the field was properly filled , and the total amount of notifications evaluated was considered the denominator. Categories such as 'ignored' and 'others' were considered as unfilled fields and, therefore, eliminated from the numerator. The following parameters were used to measure the completeness quality: (i) good (≥90% of filling), (ii) regular (≥70% to <90%) and (iii) low (<70%). These parameters were adapted from an evaluative study of the completeness of the Information System for Notifiable Diseases (Sinan), 3 where other diseases of compulsory notification are also registered. According to a pattern defined by the Ministry of Health, 21, 22 which provides the diagnosis and the initial date of treatment in up to 24 hours after the first symptoms, the timeliness of the diagnosis was measured by the time passed -in daysbetween the date of the first symptoms and the date of the diagnosis. Regarding the timeliness of the treatment, the time -in days -between the date of the first symptoms and the date of initial date of treatment was used. Both periods were classified into two categories: (i) timely (0-1 day) or (ii) late (≥2 days).
The timeliness in the availability of the notified cases reports to the health authorities was evaluated in two levels, adapted from WHO recommendations: 1, 20 a) Level 1 -availability of reports to municipal authorities, meaning the time between the date of notification and the date of typing on local Sivep-Malaria, as (i) timely (0-7 days) or (ii) late (≥8 days); and b) Level 2 -availability of reports to state and national authorities, meaning the time between the case notification date and the data registering date on national SivepMalaria, as (i) timely (0-30 days) or (ii) late (≥31 days).
The following were considered inconsistent/ignored and excluded from timeliness analysis: (i) time lesser than 0 (zero) days, (ii) time higher than 365 days and (iii) unfilled dates fields. To asymptomatic patients, the notifying date was used, when the date of the first symptoms was blank. Registers with inconsistencies related to the age of patients were not excluded.
To calculate the percentage of timely notifications, the amount of available notifications on municipal or national databases in timely terms was considered the numerator and the total of evaluated notifications in each level of the operation were considered the denominator.
National Sivep-Malaria data were provided by PNCM in 2013, with no identification of individuals, and tabled with the use of the Epi Info 2000 software, version 3.5.1. (Centers for Disease Control and Prevention, Atlanta-USA, 2008). In statistical analysis, a percentage was used to measure the completeness of the fields and to measure timeliness, the average of sent notifications, the median and the quartiles of sending dates were used.
This research was held exclusively with secondary data, with no identification of individuals. Therefore, the study project was dismissed from appreciation by the Table 2) . Timely diagnosis happened in 44.6% of the total amount of notifications analyzed during the entire period. The median of diagnosis term was 2 days, in all years, with the first quartile of 1 day and the third quartile of 3 days.
The state of Roraima registered the highest rates of timely diagnosis: 67.1% in 2010; falling to 43.0% in 2012. On the opposite direction, the state of Tocantins registered the lowest rates of timely diagnosis during the period, varying from 17.2% in 2005 to 9.0% in 2009 (Table 3) .
The treatment timeliness was evaluated in 4,537,247 notifications. The lowest rate of timely treated patients was 43.0% in 2011, reaching 48.7% in 2006 ( Table 2 ). The average percentage of timely treated patients was 45.4% in the period. The time median of the treatment was 2 days and 75.0% of the patients were treated in up to 3 days, in all the years.
The state of Roraima showed the highest rate of timely treatment, corresponding to 66.7% of cases in 2010, decreasing to 42.3% in 2012. The state of Tocantins registered the lowest rates of timely treatments, reaching 6.6% in 2010 and 2011 (Table 3) .
The timeliness in data sending by the NU to the Municipal Health Department (SMS) was evaluated in 3,863,380 notifications, corresponding to 80.4% of the total amount in the period. Table 4) .
Discussion
The results showed good completeness of malaria notifications. The timeliness in diagnosis and treatment was under the goal proposed by the Ministry of Health, of 24 hours starting from the first symptoms, whilst the timeliness on registering notifications in municipal and national levels was below recommended patterns by the World Health Organization.
An important aspect refers to the malaria notification by all NU in a unified form, whose data are directly transferred to MS without going through intermediary levels, allowing SMS, SES and MS to analyze it simultaneously, working in a cooperative way to control the disease. For over ten years, Sivep-Malaria overpassed the old routine of manual filling forms with data aggregated by hierarchic levels -NU, SMS,SES and MS -, a procedure that is very usual in countries (including African countries supported by WHO) where malaria notification is done by using various forms. 11, 20 We can notice an improvement in the forms filling when good completeness was reached at the end of 2012, to basically all fields. An exception was verified in the field 'occupation', with low completeness throughout the entire period. The satisfactory filling of this field, would allow the knowledge on the working activity of the malaria patient at the moment of the infection, which would help to subsidize control actions. 22 The reasons that lead to low completeness might be related to the lack of compromise of the notifying agents, 2 to other priorities of the authorities responsible for the control, 3 to the non-acknowledgement of the relevance of the collected information 12 and bureaucratic perception of the filling process, dissociating this action from the quality control. 22 Regarding the 'ethnicity/skin color' field, it is important to highlight the raise in the completeness rate in the last two years of the period. This field is important to monitor and evaluate the ethnical/racial characteristics -of the indigenous and black populations especiallyupon specific policies. In some surveillance systems, the completeness for this variable 23 was bad. 23 The categorization used for completeness (good, regular and low) is an adaptation of the methods used by other authors. 3, 6, 7 WHO also considers completeness as good when it is higher than 90.0%. 1 However, Santos et. al. 22 used a different score to completeness: 0.0-25.0%, 25.1-50.0%, 50.1-75.0% e 75.1-100.0%; insufficient to measure good completeness, though, since it includes 25% of registers in the last interval. Although the fields have showed good completeness, up to 100.0% in some cases, the quality of the data could not be ensured due to the inconsistencies found in the age of some patients, surpassing 120 years old. Problems with atypical data also occurred with the fields 'typing date' and 'initial date of treatment', possibly due to the lack of reviewing in the data typing process.
Completeness and timeliness of malaria reporting in Brazilian Amazon
The timely diagnosis and treatment suffered little variation, staying away from the Ministry of Health goals: 24 hours after the beginning of the first symptoms. 21, 24 Probably it is a goal to be reached in the long-term; however, the timeliness is an attribute to be measured according to the pattern adopted by each country, 1 observing if the timely measure is coherent with the needs and goals of the existing surveillance system. 8 On the other hand, it was clear that half of the patients, represented by the median, was diagnosed and treated in 2 days term, and most of them, equivalent to the third quartile, in 3 days. This is an improvement, considering the vast extension of the Brazilian Amazon and the hardships of transportation and access 25 to health services in the region. Birkhead et. al. also used the median and the third quartile to measure the timeliness of the surveillance system, 4 the same procedure adopted by Jajosky and Groseclose 8 and Yoo et. al. 10 However, it is recommended to revise the timely diagnosis and treatment concepts in MS publications, 21, 24 since the 24-hour term is not reachable in the current transmission levels of the disease.
The reduction of malaria, even with late timely diagnosis and treatment, can be related to the introduction of the treatment based on therapy combined with derivatives of artemisinin together with the use of mosquito nets impregnated with long duration insecticides, 15 to the widening of the diagnosis and treating system, and to the decentralization process regarding health surveillance on a local level.
The difference between the number of evaluated cases to measure timely diagnosis and treatment is assigned to the lack of filling in the 'initial date of treatment' field, in some notifications where 'date of examination' was filled. Thus, the inconsistency in the 'date of examination' and 'initial date of treatment' fields, resulting in more than 365 days were excluded from the analysis according to procedures adopted in other studies. 9, 26 The delay in sending notifications by the notifying units to the municipal health departments, in 2003, is possibly attributed to the replacement of the old system of information (Sismal) for Sivep-Malaria, in which typed notifications in the former system had to be retyped in that year. In the following years, there was stability in sending notifications to SMS, although it always exceeded the timely term (7 days), with a worsening of the situation from 2010 on. This delay in the typing process can be a consequence of the lack of maintenance in the computers, or even a delay in the delivering of the notification forms by the NU. The weekly notifiable diseases register is adopted by other surveillance systems, 8, 9 including those for chronic diseases, 27 being used both to measure the timeliness in data sending, 28 and to have authorities adopt proper control measures. In countries where malaria is in elimination process, the registering of cases is performed in up to 24 hours. 11 The ideal scenario is that at least 90.0% of notifications are registered according to the established time in each country. 20 Regarding the opportunity in sending notifications by the Municipal Health Department to the Ministry of Health, only data from two years were available. However, a bigger proportion of notifications were timely sent to a national level, comparing with the proportion sent to a local level. Still, the proportion of notifications sent to MS was well under the ideal quantity of 90.0%. The monthly malaria data sending from a local level to a central level is adopted by countries like Iran, 11 in agreement with WHO guidelines to countries of high and moderate transmission. 20 The methods used in this study are not the only ones to evaluate the completeness and the timeliness of diseases notifications. There are many definitions of completeness to be used for different levels of measures, into a single database. 29 In this case, timeliness can also be evaluated by cross-sectional studies. 11 Good diseases surveillance, after all, will depend on the ability and the compromise of its managers. 30 It is recommended to regulate the notifications registering term in local and central levels, as well as performing periodic evaluations of completeness, timeliness and other attributes of malaria surveillances system. Some actions are needed, such as revising the entry of fields with dates' formats.
The achievement of the ideal timeliness patterns cannot be declined, whether it is on diagnosis and treatment, whether it is on the notifications registering. Nonetheless, it is important to recognize the relevance of the data transmission model by Sivep-Malaria, through internet, in the direct data sending by the Municipal Health Department to the State Health Department and to the Ministry of Health, which might have helped to reduce cases of the disease in the evaluated period.
